Isolants from swine and from humans representing serotypes 1, 2, 4, 8, and 10 of the Mycobacterium avium-Mycobacterium intracellulare complex were compared for heat tolerance in aqueous suspension. The most heat-resistant isolant found was a serovar 10 isolated from a human. This isolant was examined further to determine the rate of kill at various temperatures and pH's, the effect of meat protein and fat, and the effect of nitrite. Kill rates were not significant at 60°C or below. Decimal reduction values were 4 min or less at 65°C and 1.5 min or less at 70°C. Kill rates were slightly higher at pH values of 6.5 and 7.0 than at 5.5 or 6.0. The water-soluble fraction of wiener emulsion did not alter kill rates, but the saline-soluble fraction protected the organism somewhat. Fat did not affect the survival of the organisms except to eliminate the protective effect of saline extract when the suspension contained 50%o fat. The addition of sodium nitrite to the suspension did not alter the heat sensitivity of the organisms.
Most mycobacteriosis lesions in swine are due to members of the Mycobacterium avium-Mycobacterium intracellulare complex (3) . These organisms may be present in the muscle tissue as well as in the lesion site (1, 3, 6) and have been isolated from lymph nodes of swine with no visible lesions (2, 7) .
This study was designed to determine the heat sensitivity in aqueous suspension of mycobacteria that may be present in pork. Conditions pertinent to commercial processing of pork products were considered. A subsequent report will deal with the organisms in meat products (4) .
MATERIALS AND METHODS
All records of viable organisms were based on colony counts from decimal dilutions of hand-agitated tubes. Ultrasonic dispersion was not used at any stage.
Medium selection. In preliminary tests to determine the best culture medium for these determinations, 7H10 agar containing fraction V albumin, serum agar, and egg yolk agar (5) A large quantity of each isolant was grown on egg yolk agar. The organisms were collected, washed three times in saline, suspended to an optical density of 0.15 when diluted 1:100 (10"' to 10" organisms per ml), and stored in 2-ml portions at -70°C.
To find the most heat-resistant isolant, a 2-ml portion of each was thawed and 10 10-fold dilutions of 20 ml each were made in 0.15 M phosphate buffer at pH 6.0. For each time and temperature to be tested, 1-ml portions of these primary dilutions were then added to tubes (13 by 100 mm). A water bath was used to heat the dilutions to temperatures of 60 and 65°C. The surface of the water in the bath was always at least 1 cm above the level in the tubes, which were heated without agitation. At Figure 3 illustrates the kill times of the M. avium-M. intracellulare complex organisms tested.
The M. avium group (serovars 1 and 2) tended to be more heat sensitive than the M. intracellulare group. In the M. avium group, the isolants from humans (C and D) were more heat sensitive than the isolants from swine (A and B), but in the M. intracellulare group the isolants from humans seemed to be slightly more heat tolerant. Isolant lOC was chosen for subsequent tests because serotype 10 organisms were overall more heat tolerant than the other groups.
Effect of pH. The heat inactivation of lOC in 0.15 M phosphate buffers is illustrated in Fig. 4 . The heat resistance of the organisms increased as the pH decreased when either phosphate or lactate buffers were used. The D-value, or decimal reduction time, is the time at a given temperature required to reduce the population 90%, or a 1-log reduction. In these studies, the Dvalues increased with decreasing pH. No loss of viability was detected at any pH in 2 h at 50 or 55°C, and organisms were killed very slowly by heating at 60°C. At 60°C, the D-value rose from 17.8 at pH 6.5 to 120 at pH 5 respectively; destruction was too rapid to assess the effect of pH.
Influence of temperature on time of thermal death. Figure 5 illustrates the effect of temperature at pH 5.5 in 0.15 M phosphate buffer. At all pH levels, death time decreased sharply when the temperature was increased from 60 to 65°C. In the short-time heat trials at 75 and 80°C, the reduction in viable units exceeded 106 during the first 2 min at all pH levels.
Death rate curves (log,,o survivors versus time) usually were not straight lines, as would have been expected if thermal death was based on first-order kinetics; the curves were bent slightly downward, suggesting a slight cumulative thermal effect or a consistent experimental error.
Effect of rate of temperature increase.
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i05. VOL. 38, 1979 Figure 2 illustrates the come-up time in temperature test at pH 6.5, and it is typical of the tests done at all pH intervals. Regardless of heating rate, from 0 to 2 logs of 10C organisms had been killed by the time the temperature reached 60°C. When the temperature had reached 65°C, 5 to 8 logs had been killed. Within the time frames studied, increase in the number of organisms killed as the time to reach 65°C was increased was not consistent. By the time the tubes had reached 70°C, all organisms (10+ logs) were dead. Within this range of practical comeup times or heating lags, no significant differences in the numbers of organisms killed were detected at any pH.
Effect of nitrite. The presence or absence of nitrite in the suspensions of isolant 10C organisms had no effect on the heat sensitivity of the organisms.
Effect of meat extracts. The distilled water extract did not produce a measurable effect on the thermal resistance of 10C organisms. However, high concentrations of the saline extract reduced the numbers of organisms killed. Figure  6 illustrates that after 5 min of heating at 60°C, organism survival was greatest in the more concentrated dilutions of saline extract. Most meat products are at pH values between 5 and 6. Contrary to the situation with many organisms, isolant 10C was slightly more heat tolerant at these pH values than at neutrality. In addition, the saline-soluble protein component of meat adds a further degree of heat tolerance, except when the fat levels are very high. The presence of sodium nitrite did not alter thermal resistance. Many other variables obviously exist in the actual meat products which can best be evaluated in those products. The destruction of these mycobacteria in meat products is the subject of another report (4) .
